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long-term climate reconstructions for the past millennium (and even longer in some places).
2 Nothing similar is possible for the medieval climate of the Carpathian Basin. Written sources only appear in substantial quantity in the late medieval period, and even then do not provide enough data for continuous climatic reconstruction. Whereas European reconstructions usually use chronicles and annals, research on the Kingdom of Hungary, with a few exceptions, can only draw on narrative sources with from a climatological point of view inaccurate and more importantly scarce data. Written sources on the Middle Ages are mainly important for investigating extreme weather events, 3 although they are also used to research changes in lakes, water courses and their surroundings. The weather-related events covered by written sources are mostly of hydrometeorological nature: floods, waterlogged land and droughts appear in charters and annals, and may be used to reconstruct the water levels in rivers or standing waters, and to indirectly deduce precipitation levels in the catchment area. 4 Research into historic floods has greater potential * By the will of the authors, in this article the names of the authors are not in alphabetical order. 1 We would like to express our special thanks Ionel Popa, Zoltán Kern and András Grynaeus for sharing their results with us. We are grateful for the Rachel Carson Center at the Ludwig-Maximilians-Universität in Munich and for the Eötvös Loránd University of Sciences for their financial support (TÁMOP-4.2.1.B-09/1/ KMR). Our work was supported by the Hungarian National Scientific Fund (OTKA 67583 and 69138) and has been carried out in 2011. We could include only minor bibliographical additions to note the major results since then. 4 Ibid., pp. 323-326.
for the Early Modern Times, 5 but it is possible to determine to some extent the nature and frequency of floods of major rivers, especially the Danube and the Tisza, in the Middle Ages. In addition to rivers, studies of some standing water yield valuable results for determining weather conditions in certain periods. The shallowness of lakes in the Carpathian Basin (especially of Lake Fertő) means that even small water level changes caused drying out or inundation of extensive areas. A study of written sources, mainly charters, relating to conditions of lakes and their surroundings allows us to determine certain dry or wet periods. 6 Such research, however, runs into the constant methodological problem of the significance of the human factor. Nonetheless, study of areas with a dense network of water courses, has considerable, as-yet untapped potential in the study of medieval and early modern environmental (and climatic) conditions. Despite the relatively wide scope of the written sources from the 15 th century it is not possible to show short or long-term climatic tendencies in the Middle Ages; such becomes possible only in the 16th century with the increasing number of written sources and the especially with Scientific research can also be very fruitful, especially for periods for which written sources do not exist or are of poor quality. Most of these are of importance in determining long-term climatic trends, although some also show up some extreme weather events. Dendroclimatological research, despite its promise, at present plays a very modest role in the research of the medieval climate of the Carpathian Basin. The only climate reconstruction from the territory of the medieval Hungarian Kingdom covering longer period (summer temperature reconstruction based on the Swiss Pines of the Călimani Mountains, Eastern Transylvania, Romania) gives an account of climatic conditions on an area on the forest fringes of the Carpathians. 8 There is an oak chronology (going back to the 1370s) forming a record of the growth of trees from the centre of the Carpathian Basin, but its raw data were not produced specifically for climatological research but rather for dating and thus not feasible for climate reconstruction 9 The other scientific techniques which have been applied in the Carpathian Basin are mainly suitable for determining trends over periods of decades, in some cases only centuries. The most promising is an investigation of cave ice cores in the Bihor Mountains (Western Transylvania, Romania). This has made an important contribution to the determination of average winter temperature fluctuations in the region over the last millennia. 10 Several similar ice core studies are in progress, holding out the prospect of comparative analyses in the near future.
Palaeobotanical studies permits the determination of rapid environmental and climatic changes, and the relatively large number of such projects allows some general conclusions to be drawn.
11 Sporadic malacofauna studies and other palaeobiological findings in some cases refine the picture of long-term climatic processes. Borehole temperature and stalagmite oxygen isotope distribution studies also reach back to the medieval period, although they are beset by inherent uncertainties in methodology and dating. 12 The combination of the different scientific means makes the studies more reliable and in some cases may provide basis for quantitative climate reconstructions. In this respect a complex environmental (pollen, macrofossil and sediment analyses) reconstruction based on the study of layers of Lake Nádas at Nagybárkány (village in the central part of Nógrád county, in the Cserhát mountain range) has to be stressed as it provides data both for the average temperature of the coldest and the warmest month for the last two millennia.
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These are the two main sources, but in the recent decades with the appearance of environmental archaeology this field of study also 10 Z. Kern has an input to the understanding of medieval environmental (and climatic) changes. It is particularly important in determining fluctuations in the levels of standing waters and rivers, dating floods and other hydrometeorological events, and -through research into settlement patterns -the understanding of environmental changes in small areas. 14 At present, however, there are few excavations where the study of the physical environment and the explanation of links between settlement location, settlement structure and environmental change have received much attention. Nonetheless, the part played by environmental archaeology in environmental and climate history research can be expected to increase in future.
Different sources permit different geographical and time scales for the discussion of climate history in the Carpathian Basin: firstly at the level of weather events, for which written sources are most prominent, then medium-range trends (temperature and possibly precipitation fluctuations over decades or longer periods), and finally long-term trends (fluctuations over a century or several centuries). According to the scientific literature in Western Europe and the partly in the Mediterranean during the Late Antiquity and Middle Ages, four major climatic-environmental changes set the environmental constraints on the historical ecosystems of traditional societies in much of Europe: after the Roman Climate Optimum the cooling of the Migration Period from the turn of the 4th-5th centuries AD up to the mid-9th century; the Medieval Climate Anomaly (MCA) (previously referred to as Medieval Warm Epoch [MWE] ) from the 9th to the mid-13th centuries, in another approach up to the early 14th century; and finally, one of the strongest periods of cooling of historical times, the Little Ice Age (LIA), from the 14th century (earlier thought to have been dominant from 1560s) to the end of the 19th. To complete the list, we should also mention the recent period of warming which started in the final decades of the 19th century and has demonstrably been affected by global industrial activity.
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This study aims to discuss the environmental conditions from the Late Roman Period all throughout the Middle Ages in the Carpathian Basin. It must always be borne in mind, however, that the model proposed above is developed based on results from Western European areas. Since the climatic characteristics of each era can vary considerably from place to place, the climatic conditions of the East European Plain and Central Europe cannot be exactly matched to the periods observed in Western Europe. Therefore the study is to examine the validity of the climatic periodization developed for Western Europe in the Carpathian Basin based on the available historical, scientific and archaeological results of the last roughly two decades.
The Roman Climate Optimum
The first clearly-perceptible climatic period in the Carpathian Basin was the "Roman Climate Optimum" of Late Antiquity. Not only scientific but archaeological and historical data also suggests a well-marked warm and dry period. Dendroclimatological studies by András Grynaeus suggest that the climate in Pannonia was mild, in places sub-Mediterranean during these centuries. The tree-ring structure of Roman-era timber remains (Ménfőcsanak, NW-Hungary) are very dense, the average thickness of each oak ring being hardly more than 1 mm. Nowadays, the average oak tree ring thick-ness in Transdanubia (W-Hungary) is 2-3 mms, and can be up to several times this in some places. 16 The dense tree rings show that the climate was unfavourable for oak trees, either cold or hot (the latter seeming more probable), but certainly dry. The tree-ring thicknesses of Roman-era oaks are similar to those of oaks now growing in Northern-Italy nowadays, warranting the conclusion that the climate was also similar. Ice-core studies by Zoltán Kern give an insight into the winter temperatures of the Roman Times. His climate reconstruction shows relatively mild winters in the eastern fringes of the Great Hungarian Plains up to the mid-3rd century, and then a steep drop in winter temperatures in the Late Antiquity.
The issue of Roman-era viniculture is a long-standing area of historical debate. 17 The argument centres around the question of whether the Romans introduced Mediterranean strains in the province. If the vines strains of the Apennine Peninsula were growing in the Carpathian Basin, then the climate in Pannonia must have been warmer and, in summer, drier than in the centuries of the Early Middle Ages.
Another pointer to sub-Mediterranean climate comes from finds of such plants as figs and peaches in Pannonia, which definitely fruited there but are not typical of the area in the modern era. This may also explain the apparent "conservatism" of Roman villas, i.e. why the villas built in Pannonia had the same structure as those in Italy and Hispania, lands which are now much warmer. These "peristyle villas" gave way to enclosed buildings towards the end of the Roman Era, possibly prompted by the gradual change to colder weather. The villas in the early period had no means of general heating; later villas had hypocaust systems.
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The water level fluctuation of Lake Balaton during the Roman period and afterwards is a long lasting debate in Hungarian historical, scientific and archaeological literature. 20 The reconstruction of László Bendefy, who carried out the most accepted reconstruction amongst scientists puts the water level about the 104.5 m above sea level which is close to today's average water level. In the reconstruction he and his colleague V. Nagy emphasizes the predominant role of human activity on the water level changes already in the Roman Times. He supposes the existence of a sluice built near Siófok during the rule of Galerius (305-311) as an explanation for the stable Roman-period water level in the lake, but how the sluice operated, and whether it even existed, are hotly debated issues. Furthermore the existence of the sluice does not reinforce the low water level of the lake in the Late Roman Period.
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The other rather widespread Balaton-reconstruction is carried out by Sági and Füzes. They, unlike Bendefy attribute the fluctuation of the water level to the changes of the natural climatic conditions. Their reconstruction -because of its more careful source-criticism -is more accepted amongst historians and archaeologists. 22 They also suppose a relatively low water level in the Roman Period based on the settlement network of the period. In the later period the two reconstructions significantly differ which gave space to the long lasting scientific debate. Significantly, Lake Fertő, the other major lake in Transdanubia, has also been found to have been very low during the time of the Roman Empire. 23 Remains of some Roman graves and buildings are now submerged under the water of Lake Fertő, whose level today is, significantly, not the product of regulation. Further evidence for the climate having been dryer then than now is that most of the Roman limes forts now lie under the surface of the Danube (such as Contra Aquincum in Buda) or have long since been washed away. 24 The stone bridge on the Iron Gates of the Danube built by Emperor Trajan between 101 and 106 AD, and used for 170 years, also bears witness to a mild climate. A structure of this kind, resting on -and constricting -the river channel, especially on a stretch where the flow is so strong, could only have remained intact for so long if the Danube never, or very rarely, froze over.
The written records for this period are too scarce to draw any conclusion based on that. Sporadic data on the Roman times are known mostly from narratives presented military campaigns in Pannonia.
The cooling of the Migration Period
A period of cold and in places dry climate in the western part of Europe started in the late 4th century and lasted until the early or mid-9th century, i.e. during the Migration Period. For data on temperature at the time, we have to rely purely on scientific results. Zoltán Kern Pál Sümegi's in Nagybárkány also finds substantial cooling, in terms of the average temperature of the coldest month, although less stabilised than the cooling found by Zoltán Kern for the Bihor area.
An environmental archaeological reconstruction on a site next to the Danube in the Mezőföld (Middle-Hungary) reinforces the view that climate in the Carpathian Basin was relatively dry at this time. The Roman and medieval archaeological strata are separated by set of shifting sand up to two metres thick. The sand movement first appear after the abandonment of Roman land use in the 4th century, and severe wind erosion and sand deposits can be traced, with some breaks, until the 14th century. The shifting sands could have been caused by intensive land use, but much more probable is that the drying of the environment thinned out the vegetation. Similarly significant sand movement can be shown in the DanubeTisza Interfluves area during the Avarian Period (6th-8th centuries AD) however the author in this case attribute the sand movement to overgrazing rather than climatic change. 25 Unlike in the case of the Roman Period although with a lot of incertitude borne in mind one can draw interesting conclusions regarding the environmental and climatic conditions of the Migration period based on historical evidence. György Györffy and Bálint Zó-lyomi have proposed that the relatively dry climate was predominant in the Carpathian Basin until the mid-8th century, and probably was decisive in the demise of the Avar Empire in the Carpathian Basin. The military class or "true Avars", and the partially semi-nomad and partially settled Gepidas and Bulgarian Turks who settled on the Carpathian plains together with the Avars, would have felt the effects most severely, loss of livestock condemning them to starvation. This hypothesis would explain why, in 791, the Franks met serious resistance in only one of their three great campaigns on what are now Austria and Slovenia. The Inner Asian steppe zone is thought to have dried out in the mid-8th century, and that is almost certainly when -well before the Frankish wars -the Avars' cattle started to decline, causing a flight to the surrounding forested hills, although the imperial administration still functioned and the landowning section of society remained in place. This is borne out by a piece of indirect information. A letter by "Cleric R." to Bishop Dado of Verdun (c. 880-923), written in the years after 900, tells of the origins of a people hitherto unheard of, the Hungri. After some attempts at explanation using the Bible and classical literature, he proposes that the name of the people derives from the German word Hunger.
The following story about hunger occurs to him: "I will tell what I have heard from the elders when the name of that accursed people was first spoken in our vicinity, whether it be a true story or a fable. At some time a terrible famine spread throughout Pannonia, Istria and Illyria, and the neighbouring peoples". 27 The land to which these ancient names apply exactly corresponds to the territory of the collapsed Avar Empire, and so the story may be linked to the internal affairs of the Avars in the 8th-9th centuries. The writer of the letter előtt", in Honfoglalás és régészet, Gy. Györffy, L. Kovács (eds), Balassi Kiadó, Budapest 1994, pp. 13-37.
27 "Referam, quid audierim a maioribus, cum primum execrandae huius gentis nomen apud nos au di tum est, sive illud historia sive sit fabula. claims that the people who survived the famine acquired the name Hungri. The Slavic population no doubt had stouter defences against the drought, because their pigs could forage in the beech and oak forests in the foothills, where the clearings could also be ploughed to grow rye, and they were also skilled in beekeeping and fishing. This was probably why the early Slavic placenames in the Carpathian Basin are confined to forest and wetlands that could support such a way of life.
28 There were almost certainly environmental as well as political factors in the break-up of the Avar Empire.
The Medieval Climate Anomaly (MCA)
According to research on the climate of Western Europe a period of extensive warming started in the 9th century which lasted up to the turn of the 13th and 14th centuries. First it was identified in the 1960s by the founding father of British climate historical research, Hubert H. Lamb . He called it the Medieval Warm Epoch but recent literature rather uses the term Medieval Climate Anomaly as the climate during this period varied significantly from place to another and there were rather short but well expressed cold years, decades during this period as well. 29 The MCA is one of the most-researched epochs of historical climatology, but historical sources containing climatic and environmental information on Hungary are inadequate to reconstruct this period and the climate of medieval Hungary in general. Before considering the potential of historical sources in researching weather conditions in the Árpádian Period and late medieval Hungary, it is to discuss the wider results of scientific methods and archaeological studies.
Borehole temperature studies provide the lowest-resolution climatic data series, giving trends over periods of centuries. A recentlypublished study indicates a warm period in the 5th century AD in the Carpathian Basin followed by slow decrease up to the last decade of the 16th century, in direct contradiction to the accepted macroregional climatic trends in contemporary Europe. 30 It is possible that the proposed dominance of cold winters following the mid-3rd century was broken at the turn of the 8th and 9th centuries by warming, and the milder winter weather became permanent. The already referred ice core study in the Bihor Mountains has found that the winters in the first half of the 9th century were the mildest in the last two millennia, with an increase of 1.5°C over the temperature in the previous period (see: Figure 1 ). The intensity of the warming later decreased, but mild winter climate remained dominant in the eastern edge of the Great Hungarian Plains, and probably in the entire Carpathian Basin, up to the mid-12th century. Although a short cold period in the late 12th century broke the 30 Bodri, Dövényi, Horváth, Két évezred éghajlatváltozásai cit., p. 429. 
century AD in the Carpathian Basin followed by slow decrease up to the last decade of the 16th century, in direct contradiction to the accepted macro-regional climatic trends in contemporary Europe. dominance of mild winters, the first half of the 13th century produced one of the mildest average winter temperatures of the last millennium. The positive winter temperature anomaly in the first half of the 14th century ended with sustained winter cooling.
31 Similar results were obtained from the Nagybárkány-reconstruction, which shows definitely mild winter climate in the Northern Mountain Range from the late 7th century up to the 13th century (see: Figures  2 and 3) . 32 Although there was a brief cold period around 1100, this area also shows significantly higher winter temperatures than the marked cooling of the Little Ice Age.
The main source for the average temperature of summer is the Muntii Călimani reconstruction (Figure 4 ). This study has found a long cold period in the Transylvanian mountains between 1250 and 1650, although cooling was steady only after the 1390s. From oxy- 31 Kern, Éghajlati és környezeti cit., p. 84. 32 average winter temperatures of the last millennium. The positive winter temperature anomaly in the first half of the 14th century ended with sustained winter cooling. 31 Similar results were obtained from the Nagybárkány-reconstruction, which shows definitely mild winter climate in the Northern Mountain Range from the late 7th century up to the 13th century (see: Figures 2 and 3). 32 Although there was a brief cold period around 1100, this area also shows significantly higher winter temperatures than the marked cooling of the Little Ice Age. 1182  1204  1226  1248  1270  1292  1314  1336  1358  1380  1402  1424  1446  1468  1490  1512  1534  1556  1578  1600  1622  1644  1666  1688  1710  1732  1754  1776  1798  1820  1842  1864  1886  1908  1930  1952  1974 gen isotope ice core studies and dendroclimatological reconstructions, the MCA may be approximately dated to between 800 and 1250. The last marked dominance of mild winters in the Carpathian Basin was in the 1220-1440 period, although there is a strong suggestion of even colder winters in the first half of the 9th century. 33 The study of the Nádas Lake at Nagybárkány has indicated a dry climate during the Árpádian Period (11th-13th century) in the mountain range zone (NE-Hungary), which peaked when the lake dried out in the 13th century. 34 The authors link the drying out of the lake in the 13th century to sources the Mongol invasion, which mention dry summers and extremely cold winters in 1241-1242. In the period all throughout Europe droughts can be supposed as well, however the available written sources form an insufficient basis for any proposal of a long dry period. 35 The relatively dry climate of Upper Hungary (this historical geographical region is almost equal to today's Slovakia) in the 13th century is also borne out by the excavation of a well in Szécsény, also in the Cserhát mountain area, where a structure which was demonstrably still in use in the 13th century was built over with a parish church in the 14th century. 36 After the well was filled in, the timber structure rotted down to the average groundwater level at the time it was built; this was about two metres lower than the average in the 20th century. Another indication of dry climate when the well was made is that the timber is not damp-loving peduncular oak but sessile oak, which has greater drought tolerance. 37 Somewhat diver-gent results have been obtained from a study performed not far from Nagybárkány and the Cserhát area, in the Bükk Mountains, where the climate could not have been much different. The first stalagmite isotope distribution study in Hungary has found the MCA to be shorter than most frequently mentioned in the literature, and puts it at between 1000 and 1150. The study finds warm, wet climate during this period, followed by four centuries of wide fluctuations.
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The already referred soil stratigraphy based research carried out in the Mezőföld area has found that the climate was permanently dry from the 4th to the 14th centuries. The level of Lake Balaton, as during the Roman Era and the Early Middle Ages, was low to average in the 11th-13th centuries, the reconstruction of Sági and Füzes puts it at 105 metres above sea level (present level 104.5 m), which partly agrees with the level found in the Bendefy reconstruction (see: Figure 5 ).
39 By contrast, a new study based on an investigation of settlement structure in Nagyberek (swampy area, which surrounds the southwestern part of Balaton) puts the level of Lake Balaton in the 11th century at 103 metres above sea level. 40 A reconstruction of the settlement pattern on the southern shore of Lake Balaton finds that the level of water in the lake began to rise in the 12th century, and villages were gradually relocated to higher, dry land to the south. During the 13th century, the rising water of Lake Balaton almost certainly inundated some formerly marshy areas of Nagyberek.
There are sporadic historical sources on the medieval weather of the Carpathian Basin that date from as early as the 11th century. These sources usually concern single events of extreme weather, or rare atmos- pheric phenomena, and survive mostly in chronicles and annals. As studies have pointed out, there are no more than a few dozen climate historical sources for the first two centuries of the Árpádian Period. There are very few weather events in the 11th and 12th centuries for which there is more than one source. One of these is the weather at the time of the Battle of Ménfő (northwestern part of Transdanubia, near Győr). There are accounts of the battle in two independent sources, the Altaich Annals and the Histories of the Burgundian Benedictine monk Rodulfus Glaber. 41 The entry for 1044 of the Altaich Annals attributes the victory of Henry III, Holy Roman emperor and Peter Orseolo, former king of Hungary over Aba Sámuel the reigning king in Hungary at that time to the appearance of a sudden sandstorm. A partly similar entry is found in the account by Rodulfus Glaber, who explained the defeat of the much larger Hungarian armies by a sudden darkness which fell on them. 42 These two texts, written in places far There are sporadic historical sources on the medieval weather of the Carpathian Basin that date from as early as the 11th century. These sources usually concern single events of extreme weather, or rare atmospheric phenomena, and survive mostly in chronicles and annals. As studies have pointed out, there are no more than a few dozen climate historical sources for the first two centuries of the Árpádian Period. There are very few weather events in the 11th and 12th centuries for which there is more than one source. One of these is the weather at the time of the Battle of Ménf (northwestern part of Transdanubia, near Gy r).
There are accounts of the battle in two independent sources, the Altaich Annals and the Histories of the Burgundian Benedictine monk Rodulfus Glaber. 41 The entry for 1044 of the Altaich Annals attributes the victory of Henry III, Holy Roman emperor and Peter Orseolo, former king of Hungary over Aba Samuel the reigning king in Hungary at that time to the appearance of a sudden sandstorm. A partly similar entry is found in the account by Rodulfus
Glaber, who explained the defeat of the much larger Hungarian armies by a sudden darkness which fell on them. 42 These two texts, written in places far removed from each other, are almost certainly mutually independent, quite exceptionally for 11th and 12th century climate history sources on the Carpathian Basin. removed from each other, are almost certainly mutually independent, quite exceptionally for 11th and 12th century climate history sources on the Carpathian Basin. Research during recent decades has produced some data on this period which can be fitted into the framework of European climatic reconstruction. One of these is related to the winter of 1074, when King Solomon led his army to the Battle of Kemej across the frozen River Tisza. Since we know the exact date of the battle (26 February), the river crossing may be placed in the days beforehand. Contemporary sources record that the winter of that year was also very cold in the areas of Lower Saxony, Westphalia, Franconia and Hesse which explains the ice-coverage of the river in late February. 43 According to Byzantine sources, the winter of 1125-1126 was very cold in the south of Hungary. 44 The winter was similarly hard in Bohemia and Moravia that year. 45 There are very few known weather events in the 13th century, particularly because the sources for this period have not been subjected to a thorough review of the kind carried out for the early centuries of the Árpádian Period by Andrea Kiss. There is one brief period during this century, however, for which we do have substantial information. Studies have dealt with the weather events and their consequences during the Mongol invasion. 46 There is a relative wealth of sources for this period in general, particularly narrative sources. Rogerius, Thomas of Spalato and charters have all provided useful con- tributions regarding the weather in the Carpathian Basin during the Mongol invasion. 47 The most important and most severe consequences of the weather and related events of the period must have been the winter freezing of the Danube, which was not unheard of in 13th century Hungary, but is nonetheless a clear indication of colder-than-average winter weather. In the case of the freezing over of the Danube in 1241-1242, it is possible to date the beginning of the ice cover with some accuracy, although there is some contradiction between foreign and domestic sources. From two royal charters, the date of crossing may be put somewhere between mid-January and 2 February. The freezing of the Danube certainly exacerbated the destructive effects of the Mongol invasion, especially in Transdanubia, which might have been partly spared if the ice cover had been thinner and unsuitable for crossing, or if the winter had been mild, without durable frost.
Weather and climate of the Little Ice Age
The turn of the 13th and 14th centuries is one of the most important climatic epoch boundaries in European history, the time when the MCA came to an end and the Little Ice Age (LIA) began. Originally coined by François Matthes, the term is used in two senses by climate researchers, firstly for the age of glacier expansion between the 14th and 19th centuries, and secondly as a metaphor for the climate of the period. Researchers are sharply divided as to the start of the cold period. Christian Pfister has claimed the Little Ice Age started in the early 14th century, while Raymond S Bradley (after Hubert H. Lamb) has dated it to 1560s. 48 Although the climate of the Carpathian Basin in the 14th century is shrouded in almost as many uncertainties as the climate during the Árpádian Period, scientific and historical research has made some valuable findings on the weather and climate of that time. The Nagybárkány study supposes significant cooling from the mid-13-th century. It shows that the 13th was the warmest century of the time around it, followed by slow cooling over several centuries in terms of the average temperatures in both the warmest and coldest months, which fits well with Western European climate reconstructions. In the late 14th century, apart from one short warmer period, a sustained period of cooling set in and lasted up to the second half of the 19th century, when the temperature started to rise steeply.
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In parallel with the fall in temperature, precipitation started to increase, and from the 14th century onwards, the annual precipitation exceeded the average of the preceding millennium. A complex environmental historical survey in another sample area -Lake Baláta in South Transdanubia -dates the start of the changes earlier: the area was already cold and wet in the late 13th century.
50 A comprehensive environmental history study has also found the spread of coldtolerant species in Northern-Hungary, in the area of the Bátorliget marsh in the late 13th century. One of the species found to have advanced at this time is Gyraulus riparius, a characteristic indicator of weather suddenly turning cold. 51 Research using a similar method in the Jászság area (between the Danube and the Tisza) has also confirmed the hypothesis of a colder late Árpádian Period.
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The average summer temperatures from the above mentioned cli- 49 53 There are two extreme summer cold anomalies that merit particular attention: the negative extreme of 1455 and the series of cold summers between 1602 and 1606. The years 1490 to 1545 also diverge from the Central European trend, the reconstruction showing the summer weather to have been temporarily warmer. 54 According to the Bihor oxygen isotope ice core study, the winter temperatures over some three and a half centuries from the mid-13th century steadily decreased, by about 1.2°C. The low point of the cooling was in the 17th century, which was the coldest century by winter temperature of the whole past millennium. 55 Summarising the results of the Swiss pine-based dendroclimatological studies and the oxygen isotope ice core analyses, the dominant period of the LIA in Hungary lasted from about 1370 to the mid-17th century, whereas the MCA probably came to an end some time in the mid-13th century.
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There is also archaeological evidence that the precipitation balance in the Carpathian Basin had a greater surplus in the Late Middle Ages than in recent times. In the early Árpádian Period, settlements on the south and west shores of Lake Balaton mainly grew up beside the main water courses of the region. Many of these were on the edge of Nagyberek, but in the 13th century, the Balaton water level started to rise, ultimately by several metres, and almost certainly inundated the whole of the Nagyberek area. 57 The level probably peaked in the 16th and 17th centuries, during which it constitut-ed one of the main guiding factors in the formation of settlements there. So was the case in the South-eastern part of the Carpathian Basin, in the Tisza-Maros-Danube interfluves area where according to cartographic data the so-called Lake Becskerek might have had its biggest extent in the same period. 58 The archaeological topographies well indicate that many medieval settlements on the Great Hungarian Plain were not rebuilt, and new dwellings were often built in the vicinity of old villages, on more protected, higher land. There were similar tendencies along some rivers, such as near Szer (Ópusztasz-er, southern area of the Great Hungarian Plain) in the Tisza valley, where the settlement clearly expanded towards higher-lying land, and in the area of what was the county of Békés (SE-Hungary), where lower-lying land along many minor mortlakes became depopulated after the Árpádian Period. 59 In the 14th century, the floor of the Récéskút Basilica (Zalavár, near Lake Balaton) had to be raised because of the rising level of the lake and the groundwater. 60 Historical topographical research had found that boundary determinations and revisions in the Great Hungarian Plains in the 13th-15th centuries often faced the problem of boundary markers being inaccessible because of the water. 61 Another indicator of wetter climate from the 13th century is the spread of water mills on streams whose water was insufficient to drive mills in the 20th century. 62 Archaeological findings for the late medieval period suggest a rise in the level of the Danube, for example in the Danube Bend area 63 which can also be confirmed by some historical data. 64 The amount of historical data on weather events increases from the 14th century, in parallel with the advance of literacy. The meagreness of chronicle literature means that charters constitute most of the sources for climate history. The charters of the Angevin Era suggest periods in which extreme weather events gave rise to crises, periods of high flood frequencies, catastrophic flood events and famine in the Carpathian Basin. The Hungarian Angevin Era is of particular importance in European climate history. Many researchers have called this period the start of the transition into the LIA, and there is a unanimous view that the second decade of the 14th century formed one of the most extreme periods. Although the latest research does not bear out the sustained cold period with certainty, the high number of weather extremes, especially the series of hard, cold winters and summers make the 1310-1330 period one of the most notable climatic features of the 14th century. 65 though the number of sources on weather become gradually more numerous during the Angevin Era, they still do not permit as detailed account of each period as in some Western European areas. Nonetheless, a systematic investigation of Angevin-era charters has drawn attention some short crisis periods. 66 One of these is definitely the 1310s. Several studies have investigated the appearance in the Carpathian Basin of the period of famine and floods which is well documented in Western Europe. Earlier research into contemporary Hungarian sources did not find records of the environmental crisis in the Carpathian Basin, but recently-published results permit the conclusion that extreme weather did affect this area, if not to the same extent as in Western Europe, and -given the political turmoil of the time -must have given rise to serious crises in some areas. 67 Similarly well studied are the 1340s which seem to have been a better documented crisis period than the 1310s. Undoubtedly many weather extremes (mainly floods) occurred in these years and so was the case in other Central European countries and in parts of Western Europe. 68 Many charters mention floods on several rivers in spring and summer 1342, followed in September by snow and more floods. Although there are fewer sources on the weather of subsequent years, Andrea Kiss has found data on floods in the country in 1343, and then in nearly every year in the second half of the decade. 69 Although weather in the Carpathian Basin often differs greatly from that in Western Europe, there are some periods for which there are very close parallels in the Kingdom of Hungary and Central European areas. The 1310s and 1340s are certainly among these. There are also several sources for particular years which indicate close weather relationships between the Carpathian Basin and certain areas of Central Europe. For example, it has been established almost without doubt that in many areas of Western and Central Europe, 1363-1364 was one of the coldest winters of the last thousand years, and there is one charter which records the same phenomenon in Hungary. 70 From the 14th century, there are many more charters, and from the 15th century there are contributions from other types of source usable in climate history research: narrative sources, sources of economic character (mainly customs registers), personal correspondences. However this period is almost entirely untouched by scholarly research. Lacking in new results -and especially the study of weather events in late medieval charter evidence -research still highly relies on the compilation of Antal Réthly and lacking in the critical assessment of Réthly's dataset for this period scholars still quote Réthly's frequently inaccurate compilation on the weather events. 71 Despite the better research possibilities only a few late medieval sources has been studied from a climate historical point of view. Charters relating to flooding up to 1500 has been thoroughly studied by the dissertation of Andrea Kiss and some specific sources, as the town books of Bratislava (Pressburg) has also been dealt with from an economic-environmental historical point of view but in this respect the next decades are to provide fundamental results. 
